A method is proposed for measuring the linear velocity of a moving rough surface. It is based on maximizing the spatial correlation between two laterally shifted image speckle patterns. Besides, an expression of a spatially variant point-spread function is given, which modifies the spatial distributions of the off axis image speckle patterns.
Introduction
The finite 'mean life' of the speckle pattern is a limitation to be considered for studying moving rough surfaces. For the case o f a plane object describing a linear motion, the speckle pattern originating from the surface under coherent illumination encodes in formation about velocity, roughness, texture, etc. In order to obtain a real-time measurement o f such surface parameters, several methods were developed where the speckle intensity distribution is detected and processed following a spatial or a temporal approach [1 13j . In most cases, the speckle pattern is analogically or digitally integrated for performing a correlation operation between successive signals from which the magnitude under study can be de rived. The condition to be fulfilled to achieve a reliable measurement becomes: a / u » r , being a the spot diameter o f the illuminating beam, v the surface velocity, and r the detection time, which depends on the detector response, the laser intensity and the optical configuration. However, if the sur face velocity is large enough so that the above condition does not fully accomplish, each speckle pattern to be correlated becomes 'blurred', so result ing in a loss of measuring accuracy. Therefore, it is worthwhile for measurement purposes to investigate optical arrangements that allow to record and process high contrast speckle patterns originated from such moving surfaces.
In this paper, we analyze a method where a laser beam is linearly scanned in the same direction of the moving surface. The light scattered from the surface at the different locations o f each scan gives rise to laterally shifted speckle patterns, which are uncorrelated unless two conditions are fulfilled: (i) the scan ning rate o f the laser beam matches the surface velocity, and (ii) the angle o f incidence o f the laser beam remains constant over the whole scanning region. Therefore, the proposed optical arrangement is designed to satisfy these two conditions in order to achieve a measurement of a spatial correlation pa rameter between two speckle patterns, from which the surface velocity can be derived. As the employed optical system images on a photodetector the laterally shifted speckle patterns to be correlated, an additional effect should be considered; namely, a spatially variant point spread function that modifies the measured correlation parameter.
In Section 2, we describe the principle o f the method. Then, in Section 3, we derive a general expression for the off-axis spatially variant pointspread function and a particular case is analyzed: a system affected by distortion, which is one o f the dominant off axis aberrations. Finally, in Section 4, the experimental conditions and the range o f operation o f the method are discussed and some experi mental results are presented.
Description of the method
By referring to Fig. 1, a scanning 
(iii) The correlation parameter r ( x (max) is calculated by means of Eq. (3). (iv) The scanning velocity vs is varied and the steps (i) to (iii) repeated until r ( x i max) is maximized, and so, vs v.
In the above description, the maximum attainable value o f JX x ,) never reaches the ideal value o f unity due to the variations o f the point-spread function of the imaging lens L as the illuminated region o f S moves away from the optical axis. In order to give an explanation of this effect, we derive in the follow ing section an expression for this spatially variant point spread function. 
Off-axis point-spread function

Experimental results and discussion
In order to experimentally verify the method proposed in Section 2, we employed the optical setup shown in Fig. 1. A rotating polygon, illuminated 
